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Description 
TECHNICAL FIELD 

s The subject invention relates to anionic polymerization resulting in diene polymer and copolymer elastomers. More 

particularly, the present invention relates to polymerization employing a lithio amine initiator, an organic alkali metal 
compound and a chelating reagent. The resulting polymers are chain-end modified and contain a high amount of 
styrene. 

10 BACKGROUND ART 

When conducting polymerizations on a commercial basis, it is important to utilize process conditions and compo- 
nents which will allow the molecular weight of the end products to be narrowly and reproducibly defined. The charac- 
teristics of a given polymer and its usefulness, are dependent, among other things, upon its molecular weight. Hence, 
is it is desirable to be able to predict with some certainty the molecular weight of the end product of the polymerization. 
When the molecular weight is not narrowly definable, or is not reproducible on a systematic basis, the process is not 
commercially viable. 

In the art, it is desirable to produce elastomeric compounds exhibiting reduced hysteresis characteristics. Such 
elastomers, when compounded to form articles such as tires, power belts and the like, will show an increase in rebound, 

20 a decrease in rolling resistance and will have less heat build-up when mechanical stresses are applied. 

A major source of hysteretic power loss has been established to be due to the section of the polymer chain from 
the last cross link of the vulcanizate to an end of the polymer chain. This free end cannot be involved in an efficient 
elastically recoverable process, and as a result, any energy transmitted to this section of the cured sample is lost as 
heat. It is known in the art that this type of mechanism can be reduced by preparing higher molecular weight polymers 

25 which will have fewer end groups. However, this procedure is not useful because processability of the rubber with 
compounding ingredients and during shaping operations decreases rapidly with increasing molecular weight. 

It is difficult to obtain consistent properties, such as a reduction in hysteresis properties, if the polymer cannot be 
controllably reproduced in a narrow molecular weight range distribution. See, for example, U.S. Pat. No. 4,935,471, 
in which some polymers are prepared with a heterogeneous mixture of certain secondary amines, including lithium 

30 pyrrolidide. Polymers made in this manner have widely variable molecular weights, broad polydispersities, their func- 
tional terminations tend to reproduce erratically, giving rise to poorly reproducible hysteresis reduction results. 

It is known in the art to employ a lithium amide with an alkali metal compound, such as, for example, as discussed 
in Japanese Pat. No. 7,965,788. That patent does not disclose the use of a chelating agent as in the present invention. 
Polymerization to form certain rubber compounds such as styrene/butadiene rubber (SBR) with higher styrene content 

35 by using only a lithium amide initiator and alkali metal compound randomizers in acyclic alkanes, causes the formation 
of a heterogeneous polymer cement, which is comprised of a mixture of widely different styrene content molecules. 
This makes it difficult to achieve the desired molecular weight and to difficult to control styrene sequence distribution. 
The presence of such cements often interferes with desirable rubber properties in the polymer. 

Furthermore, a major drawback with many of these known initiators, is that they are not soluble in hydrocarbon 

40 solvents such as hexane or cyclohexane. Polar solvents have heretofore been employed including the polar organic 
ethers such as dimethyl or diethyl ether, tetrahydrofuran, tetramethylethylenediamine, or diethylene glycol methyl ether 
(diglyme). 

The invention also provides for the incorporation of a functionality from the initiator to be incorporated into the 
polymer chain, such that two or more of the ends of the resulting polymer chains are modified. Hysteresis characteristics 
45 of the resulting products are effectively reduced, and other physical characteristics are improved. The invention pro- 
vides for efficient, controllable and reproducible polymerizations, with the preparation of well defined end-products of 
a relatively narrow molecular weight distribution range. Furthermore, there is provided a means of controlling the se- 
quence distribution of vinyl aromatic monomers, such as styrene, along a polymer backbone, to improve the hysteresis 
properties, tear strength and wear resistance of the resulting products. 

so 

DISCLOSURE OF THE INVENTION 

It is therefore, an object of the present invention to provide a hydrocarbon soluble anionic polymerization initiator. 
It is an object of one embodiment of the present invention to provide a randomized, high styrene, styrene/butadiene 
55 rubber, which includes polymer chains wherein both ends of the chains are modified. 

It is afurther object of the present invention to provide a method of preparing such an anionic polymerization initiator. 
It is still a further object of the invention to provide an initiator which will reproducibly produce a polymer within a 
narrow, predictable molecular weight range. 
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It is another object of the present invention to provide elastomers formed with such a polymerization initiator. 

It is also an object of certain embodiments of the present invention to provide diene polymers and copolymers 
having improved, that is, reduced hysteresis characteristics. 

It is a further object of the present invention to provide vulcanizable elastomeric compounds. 

Still another object of the present invention is to provide an improved tire formed from an elastomer as above. 

An additional object of the invention is to provide randomized, high styrene, styrene/butadiene rubber. 

These and other objects together with the advantages thereof over the existing art, which shall become apparent 
from the specification which follows, are accomplished by the invention as hereinafter described and claimed. 

In general, the present invention provides a hydrocarbon soluble, anionic polymerization initiator comprising a 
mixture of (i) a lithio amine having the general formula (A)Li(SOL) y where y is 0 or from 0.5 to 3; SOL is a solubilizing 
component selected from the group consisting of hydrocarbons, ethers, amines or mixtures thereof; and, A is selected 
from the group consisting of alkyl, dialkyl, cycloalkyl or dicycloalkyl amine radicals having the general formula 




and cyclic amines having the general formula 




Each R-, is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyls having from 1 to 
1 2 carbon atoms 

and R 2 is selected from the group consisting of a divalent alkylene, oxy- or amino-alkylene group having from 3 
to 1 2 methylene groups. The mixture also comprises (ii) an organic alkali metal compound; and, (iii) a chelating reagent. 

There is also provided a method of preparing an anionic polymerization initiator comprising the step of forming a 
reaction product by reacting an organolithium compound with a functionalizing agent; the functionalizing agent being 
selected from the group consisting of alkyl, dialkyl, cycloalkyl or dicycloalkyl amine radicals having the general formula 




and cyclic amines having the general formula 




Each R-, is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyls having from 1 to 
12 carbon atoms, and R 2 is selected from the group consisting of a divalent alkylene, oxy- or amino-alkylene group 
having from 3 to 12 methylene groups. The method also includes mixing the reaction product with an organic alkali 
metal compound; and a chelating reagent. The organolithium compound has the general formula RLi where R is se- 
lected from the group consisting of alkyls, cycloalkyls, alkenyls, aryls and aralkyls having from 1 to 20 carbon atoms 
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and short chain length low molecular weight polymers from diolefin and vinyl aryl monomers having up to 25 units. 

A process for preparing an elastomeric compound having reduced hysteresis properties, is also within the scope 
of the present invention, and comprises the steps of forming a solution of one or more anionically polymerizable mon- 
omers in a hydrocarbon solvent; and polymerizing the monomer with a mixture of a lithio amine and an organic alkali 
metal compound to form a polymer; wherein the lithio amine having the general formula 



where y is 0 or from 0.5 to 3; SOL is a solubilizing component selected from the group consisting of hydrocarbons, 
ethers, amines or mixtures thereof; and, A is selected from the group consisting of alkyl, dialkyl, cycloalkyl or dicycloalkyl 
amine radicals having the general formula 



Each is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyis having from 1 to 
12 carbon atoms, and R 2 is selected from the group consisting of a divalent aikylene, oxy- or amino-alkylene group 
having from 3 to 12 methylene groups. 

A polymer according to the invention is prepared by forming a solution of one or more anionically polymerizable 
monomers in a hydrocarbon solvent; and, polymerizing the monomer with a mixture of a lithio amine and an organic 
alkali metal compound to form the polymer. The lithio amine has the general formula 



where y is 0 or from 0.5 to 3; SOL is a solubilizing component selected from the group consisting of hydrocarbons, 
ethers, amines or mixtures thereof; and, A is selected from the group consisting of alkyl, dialkyl, cycloalkyl or dicycloalkyl 
amine radicals having the general formula 



(A)Li(SOL) y 




and cyclic amines having the general formula 




(A)Li(SOL) y 




and cyclic amines having the general formula 



FL N— 
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where each is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyls having from 
1 to 1 2 carbon atoms, and R 2 is selected from the group consisting of a divalent alkylene, oxy- or amino-alkylene group 
having from 3 to 1 2 methylene groups. 

5 PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION 

As will become apparent from the description which follows, the present invention provides novel polymerization 
initiators which are soluble in hydrocarbon solvents, such as preferably, cycloalkanes such as cyclohexane, cyclohep- 
tane, derivatives thereof and the like, and mixtures of these with alkanes such as hexane, pentane, heptane, octane, 

10 their alkylated derivatives, and the like. By soluble, it is understood to mean a solubility of up to a one molar concentration 
at room temperature. It has also been discovered herein that certain rubber compositions, vulcanizable elastomeric 
compositions and articles thereof based upon polymers formed using such initiators, exhibit useful properties, such as 
for example, reproducible relatively narrow molecular weight ranges. Furthermore, the polymers according to the in- 
vention also contain a functionality from the initiator, which functionality is useful for example, in desirably reducing 

15 hysteresis characteristics. Further still, it has been found that products according to the present invention, when mixed 
with carbon black, also exhibit improved physical properties, such as high tensile and tear strength and wear resistance 
properties. 

The invention is particularly suited, although it is not necessarily limited to, the production of reduced hysteresis, 
chain-end modified, high styrene styrene/butadiene rubber (SBR). When compounded with other ingredients as will 
20 be addressed hereinbelow, the resulting elastomer product possesses increased rebound, decreased rolling resistance 
and/or less heat buildup. Such elastomer products can be used to form improved, energy -efficient tires, power belts 
and mechanical goods. 

The present invention employs a mixture of an amine initiator, an alkaline metal organic randomizer and optionally, 
a chelating reagent. This mixture is then used as an initiator to cause an ensuing polymerization, as will also be more 

25 fully described hereinbelow. Because of the presence of the alkaline metal organic randomizer and optionally, the 
chelating reagent, the resulting elastomers and other products according to the invention, exhibit not only reduced 
hysteresis characteristics, but also improved tensile, tear and wear strengths. 

A preferred soluble initiator according to the present invention, is one where no solubilizing component is present 
in the lithio amine compound (that is, the subscript y is zero in the formula hereinbelow). Another preferred initiator 

30 according to the invention, is one where SOL is present and the initiator is the reaction product of an amine, an organo 
lithium and a solubilizing component, SOL The organo lithium and the amine may be reacted in the presence of the 
solubilizing component or agent, or they may be reacted first and the reaction product thereof subsequently reacted 
with the solubilizing component. A preferred initiator is therefore, a solubilized lithio amine having the general formula 

(A)Li(SOL) y 

where y is from 0 to 3. When SOL is not present, y = 0, and when SOL is present it is preferred that y = 0.5 to 3. The 
parentheses of this general formula indicate that the formula may include A-Li-SOLy; SOLyA-Li; or, A-SOLyLL 
40 (SOL) is a solubilizing component and may be a hydrocarbon, ether, amine or a mixture thereof. It has been 

discovered that by the presence of the (SOL) component, the initiator is soluble in hydrocarbon solvents according to 
the above definition. 

According to a preferred embodiment A is perhydroazepine, y is 2 and SOL is selected from the group consisting 
of tetrahydrofuran and tetramethylethylenediamine. 
45 Exemplary (SOL) groups include dienyl or vinyl aromatic polymers or copolymers having a degree of polymerization 

of from 3 to 300 polymerization units. Such polymers include polybutadiene, polystyrene, polyisoprene and copolymers 
thereof. Other examples of (SOL) include polar ligands, such as tetrahydrofuran (THF) and tetramethylethylenediamine 
(TMEDA). 

The (A) component represents the amine functionality, at least one of which is carried by the resulting polymer, 
50 such as by being incorporated at the initiation site or head thereof. For example, (A) may be an alkyl, dialkyl, cycloalkyl 
or a dicycloalkyl amine radical having the general formula 
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5 




and cyclic amines having the general formula 



15 




In these formulas, each R, is an alkyl, cycloalkyl or aralkyl having from 1 to 20 carbon atoms, where both Ft, groups 
may be the same or different (that is, they are independently selected from that group), and Rg is a divalent alkylene, 
bicycloalkane, oxy- or amino-alkylene group having from 3 to 1 2 methylene groups. 
20 Exemplary R 1 groups include methyl, ethyl, butyl, octyl, cyclohexyl, 3-phenyl-1 -propyl, isobutyl and the like. Ex- 

emplary R 2 groups include trimethylene, tetramethylene, hexamethylene, oxydiethylene, N-alkylazadiethylene and the 
like. 

For example, (A) may be a derivative of pyrrolidine, that is, C 4 H 8 NH; piperidine such as for example, piperidine 
and 3-methylpiperidine; 4-alkylpiperazine such as for example, 4-propylpiperazine; perhydroazepine, also known as 

25 hexamethyleneimine; or 1 -azacyclooctane; including bicyclics such as perhydroisoquinoline, perhydroindole, and the 
like. Pyrrolidine (resulting in for example, N-Li-pyrrolidide or "NLiP"), perhydroazepine and 1 -azacyclooctane are pre- 
ferred. A preferred pyrrolidine derivative is perhydroindole and a preferred piperidine derivative is perhydroisoquinoline. 
(A) may also be 1,3,3-trimethyl-6-azabicyclo [3.2.1] octane, diisobutyl amide, or the like. 

It has been found that when one or both R1 and R 2 are both t-butyl groups, both isopropyl groups or the like, the 

30 resulting polymerizations are slow, presumably due to hindrance around the nitrogen at the initiation site. Hence, in a 
preferred embodiment of the invention, the carbon atoms in ^ and R 2 which are bonded to the nitrogen in the amine, 
are also bonded to at total of at least three hydrogen atoms. 

The initiator according to the present invention can be formed by preparing a solution of the amine component 
(A), in an anhydrous, aprotic solvent, such as cyclohexane, preferably in the presence of (SOL), if (SOL) is to be 

35 employed and if it is an ether or an amino compound. To this solution is then added an organolithium catalyst in the 
same or a similar solvent. The organolithium compound has the general formula RLi where R is selected from the 
group consisting of alkyls, cycloalkyls, alkenyls, aryls and aralkyls having from 1 to 20 carbon atoms and short chain 
length low molecular weight polymers from diolefin and vinyl aryl monomers having up to 25 units. Typical alkyls include 
n-butyl, s-butyl, methyl, ethyl, isopropyl and the like. The cycloalkyls include cyclohexyl, menthyl and the like. The 

40 alkenyls include allyl, vinyl and the like. The aryl and aralkyl groups include phenyl, benzyl, oligo(styryl) and the like. 
Exemplary short chain length polymers include the oligo(butadienyls), oligo(isoprenyls), oligo(styryls) and the like. 

If (SOL) is a short chain length polymer, that is, an oligomer, the monomers to used to form (SOL) are added after 
the amine and the organolithium are mixed, as will be described hereinbelow. 

To the solution of the amine and the organolithium, is then added a solution of the monomers of the solubilizing 

45 component (SOL) in the same or similar solvent, if (SOL) is employed and if it is an oligomer. The monomers may be 
selected from the group consisting of styrene and butadiene, and mixtures thereof. The three components are allowed 
to react for up to about one hour at ambient temperature (15° to 30° C), or elevated temperatures up to about 100°C 
preferably at less than 50°C, and more preferably at less than 38°C, following which the catalyst is ready for use. The 
initiators according to the present invention are considered to be soluble if they remain in solution within an excess of 

50 a hydrocarbon solvent for about three (3) days, at a concentration of up to about one molar. 

The organic alkali metal compound is preferably selected from the group consisting of compounds having the 
general formula R 3 M, R 4 OM, R 5 C(0)OM, R 6 R 7 NM, and R 8 S0 3 M, where R 3 , R 4 , R 5 , R 6 , R 7 , and R 8 are each selected 
from the group consisting of alkyls, cycloalkyls, alkenyls, aryls, or phenyls, having from about 1 to about 12 carbon 
atoms. The component M is selected from the group consisting of Na, K, Rb or Cs. Preferably, M is Na or K. 

55 For example, R 3 M may include methyl sodium, ethyl potassium, n-propyl rubidium, ethylcesium, t-butyl sodium, 

t-amylpotassium, n-hexylrubidium, phenyl potassium, benzyl sodium, and the like. 

The compound R 4 OM, may include for example, alkali metal salts of monovalent and polyvalent alcohols, and 
monovalent and polyvalent phenols, such as sodium (Na), potassium (K), rubidium (Rb) or cesium (Cs) salts of methyl 
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alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, t-butyl alcohol, t-amyl alcohol, n-hexyl alcohol, cyclohexyl 
alcohol, t-butenyl alcohol, 4-methylcycIohexyl alcohol, phenol, benzyl alcohol, catechol, resorcinol, 1-naphthol, 2,6-di- 
t-butyl-methylphenol, n-nonylphenol, and the like. 

The R 5 COOM may include for example, alkali metal salts ot mono- and poly-carboxylic acids such as Na, K, Rb 
5 and Cs salts of lauric acid, myristic acid, palmitic acid, stearic acid, arachic acid, linoleic acid, phenylacetic acid, benzoic 
acid, sebacic acid, phthalic acid, and the like. 

The compound R 6 R 7 NM may include for example, alkali metal salts of secondary amine such as Na, K, Rb and 
Cs salts of dimethylamine, di-n-butylamine, methyl-n-hexylamine, diphenylamine, dibenzylamine, and the like. 

The compound R 8 S0 3 M, may include for example, alkali metal salts of sulfonic acids, such as Na, K, Rb and Cs 
10 salts of dodecylbenzenesulfonic acid, tetradecylbenzenesulfonic acid, hexadecylbenzenesulfonic acid, octadecyl-ben- 
zenesulfonic acid, and the like. 

Suitable polymerization modifiers such as ethers or amines may also be used by combining with alkali metal 
compounds, to provide the desired microstructure and randomization of the comonomer units. 

The mixture according to the invention preferably includes a mixture ratio of the organic alkali metal compound of 
75 from 0.5 to 0.02 equivalents thereof per equivalent of lithium in the lithio amine initiator. 

The chelating reagent can be employed to help prevent heterogeneous polymerization. Useful such reagents in- 
clude for example, tetramethylethylenediamine (TMEDA), oxolanyl cyclic acetals and cyclic oligomeric oxolanyl alkanes 
and the like. The oligomeric oxolanyl alkanes may be represented by the structural formula 

20 



25 
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45 

wherein R 9 and R 10 independently are hydrogen or an alkyl group and the total number of carbon atoms in -CR 9 R 10 - 
ranges between one and nine inclusive; y is an integer of 1 to 5 inclusive; y' is an integer of 3 to 5 inclusive; and R 1V 
R 12 , R 13> and R 14 independently are -H or -C n H 2n+1 wherein n = 1 to 6. 

The compounds of the first formula are linear oligomers and the modifiers represented by the second structural 
so formula are cyclic oligomers and further details thereof can be found in U.S. Pat. No. 4,429,091 , 

Furthermore, details regarding the oxolanyl cyclic acetals can be found in U.S. Pat. No. 5,112,929. 

The mixture according to the invention preferably includes a mixture ratio of the chelating reagent of from 2 to 0.01 
equivalents thereof per equivalent of lithium in the lithio amine initiator. A ratio in the range of 0.02 to 0.1 is preferred. 

As stated above, the initiator mixture thus formed may be employed as an initiator to prepare any anionically- 
55 polymerized elastomer, e.g., polybutadiene,polyisoprene and the like, and copolymers thereof with monovinyl aromat- 
ics such as styrene, alpha methyl styrene and the like, or trlenes such as myrcene. Thus, the elastomers include diene 
homopolymers and copolymers thereof with monovinyl aromatic polymers. Suitable monomers include conjugated 
dienes having from about 4 to about 1 2 carbon atoms and monovinyl aromatic monomers having 8 to 1 8 carbon atoms 
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and trienes, and mixtures thereof. Examples of conjugated diene monomers and the like useful in the present invention 
include 1 ,3-butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-1 ,3-butadiene and 1,3-hexadiene, and aromatic vinyl 
monomers include styrene, a-methylstyrene, p-methylsty rene, vinyltoluene and vinylnaphtalene. The conjugated diene 
monomer and aromatic vinyl monomer are normally used at the weight ratios of 95-50:5-50, preferably 85-55:15-45. 
It is most preferred that the polymer have a high styrene content, that is, a styrene content of about 20 percent by 
weight or more. 

Polymerization is conducted in a hydrocarbon solvent as indicated hereinabove, such as the various hexanes, 
heptanes, octanes, mixtures thereof, and the like. In order to promote randomization in copolymerization and to control 
vinyl content, a polar coordinator or other chelating reagents may be added to the polymerization ingredients. Amounts 
range between 0 and 90 or more equivalents per equivalent of lithium. The amount depends on the amount of vinyl 
desired, the level of styrene employed and the temperature of the polymerization, as well as the nature of the specific 
polar coordinator (modifier) employed. 

Compounds useful as polar coordinators and other chelating reagents are organic, and include, for example, tet- 
rahydrofuran, linear and cyclic oligomeric oxolanyl alkanes such as 2-2'-di(tetrahydrofuryl) propane, di-piperidyl ethane, 
hexamethylphosphoramide, N-N'-dimethylpiperazine, diazabicyclooctane, dimethyl ether, diethyl ether, tributylamine 
and the like. The linear and cyclic oligomeric oxolanyl alkane modifiers are described in U.S. Pat. No. 4,429,091. 

Other compounds useful as polar coordinators include those having an oxygen or nitrogen hetero-atom and a non- 
bonded pair of electrons. Examples include dialkyl ethers of mono and oligo alkylene glycols; "crown" ethers; tertiary 
amines such as tetramethylethylene diamine (TMEDA); tetrahydrofuran (THF), linear THF oligomers and the like. 

A batch polymerization is begun by charging a blend of monomer(s) and hydrocarbon solvent to a suitable reaction 
vessel, followed by the addition of the polar coordinator (if employed) and the initiator compound previously described. 
The reactants are heated to a temperature of from 20 to 200°C, and the polymerization is allowed to proceed for from 
0.1 to 24 hours. A functional amine group is derived from the initiator compound and bonds at the initiation site. Thus, 
substantially every resulting polymer chain has the following general formula 



where A is as described above, and Y is a divalent polymer radical which is derived from any or ail of the foregoing 
diene homopolymers, monovinyl aromatic polymers, diene/monovinyl aromatic random copolymers and block copol- 
ymers. The monomer addition at the lithium end causes the molecular weight of the polymer to increase as the polym- 
erization continues. 

To terminate the polymerization, and thus further control polymer molecular weight and polymer properties, a 
modifying agent such as a terminating agent, coupling agent or linking agent may be employed, all of these agents 
being collectively referred to herein as "modifying agents". Certain of these agents may provide the resulting polymer 
with a multif unctionality. That is, the polymers initiated according to the present invention may carry at least one amine 
functional group A as discussed hereinabove, and may also carry a second functional group selected and derived from 
the group consisting of modifying agents. 

Useful modifying agents include the following or mixtures thereof: active hydrogen compounds such as water or 
alcohol; carbon dioxide; N,N,N\NMetradiaikyldiamino-benzophenone (such as tetramethyldiaminobenzophenone or 
the like); N,N-dialkylamino-benzaldehyde (such as dimethylaminobenzaldehyde or the like); 1 ,3-dialkyl-2-imidazolidi- 
nones (such as 1,3-dimethyl-2-imidazolidinone or the like); 1-aikyl substituted pyrrolidinones; 1-aryl substituted pyrro- 
lidinones; dialkyl- and dicycloalkyi-carbodiimides having from 5 to 20 carbon atoms; (R 15 ) a ZX b ; 
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where Z is tin or silicon. It is preferred that Z is tin. 

R 15 is an alky! having from 1 to 20 carbon atoms; a cycloalkyl having from 3 to 20 carbon atoms; an aryl having 
from 6 to 20 carbon atoms; or, an aralkyl having from 7 to 20 carbon atoms. For example, R 1B may include methyl, 
ethyl, n-butyl, neophyl, phenyl, cyclohexyl or the like. 

X is chlorine, bromine or iodine, "a" is from 0 to 3, and "b" is from 1 to 4; where a + b = 4. 

Each R 16 is the same or different and is an alkyl, cycloalkyl or aryl, having from 1 to 1 2 carbon atoms. For example, 
R 16 may include methyl, ethyl, nonyl, t-butyl, phenyl or the like. 

R 17 is an alkyl, phenyl, alkylphenyl or dialkylaminophenyl, having from 1 to 20 carbon atoms. For example, R^ 
may include t-butyi, 2-methyl-4-pentene-2-yl, phenyl, p-tolyl, p-butylphenyl, p-dodecylphenyl, p-diethyl-aminophenyl, 
p-(pyrrolidino)phenyl, and the like. 

Each R 18 is the same or different, and is an alkyl or cycloalkyl having from 1 to 12 carbon atoms. Two of the R 18 
groups may together form a cyclic group. For example, R 18 may include methyl, ethyl, octyi, tetramethylene, pentam- 
ethylene, cyclohexyl or the like. 

R 19 may include alkyl, phenyl, alkylphenyl or dialkylaminophenyl, having from 1 to 20 carbon atoms. For example, 
R 19 may include methyl, butyl, phenyl, p-butylphenyl, p-nonylphenyl, p-dimethyiaminophenyl, p-diethylaminophenyl, 
p-(piperidino)phenyl, or the like. 

Other examples of useful terminating agents include tin tetrachloride, (R-,) 3 SnCI, (R-j^SnClg, R-|SnCI 3 , carbodi- 
imides, N-methylpyrroiidine, cyclic amides, cyclic ureas, isocyanates, Schiff bases, 4,4'-bis(diethylamino) benzophe- 
none, and the like, where R-, is as described hereinabove. 

One preferred polymer according to the present invention, is a polymer which includes at least one functional group 
A as discussed hereinabove, wherein A is derived from the reaction product of an amine and an organoiithium com- 
pound as also discussed hereinabove. Furthermore, a preferred polymer is multifunctional wherein the polymer also 
carries a tin-carbon bond, such as may be derived from the terminating, coupling or linking agent. A rubber composition 
or a vulcanizable rubber composition according to the present invention, may include such a polymer. 

The modifying agent is added to the reaction vessel, and the vessel is agitated for about 1 to about 1 000 minutes. 
As a result, an elastomer is produced having an even greater affinity for compounding materials such as carbon black, 
and hence, even further reduced hysteresis. Additional examples of terminating agents include those found in U.S. 
Patent No. 4,616,069. 

The polymer may be recovered from the solvent by conventional techniques. These include steam or alcohol 
coagulation, thermal desofventization, or any other suitable method. Additionally, solvent may be removed from the 
resulting polymer by drum drying, extruder drying, vacuum drying or the like. 

The elastomers of the present invention comprise a plurality of polymers, having a functional group at two or more 
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ends of the resulting polymer. Compounds of such polymers may result in products exhibiting reduced hysteresis, 
which means a product having increased rebound, decreased rolling resistance and has less heat build-up when sub- 
jected to mechanical stress. 

It has also been found, as will be exemplified hereinbelow, that polymers formed using the initiators of the invention, 

5 are reproducibly polymerizable in a relatively narrow range of molecular weights, such as that substantially consistently 
reproducible polymers are possible with a molecular weight range of 20,000 to 250,000. 

The polymers of the present invention can be used alone or in combination with other elastomers to prepare an 
elastomer product such as a tire treadstock, side wall stock or other tire component stock compound. In a tire of the 
invention, at least one such component is produced from a vulcanizable elastomeric or rubber composition. For ex- 

10 ample, the polymers according to the invention can be blended with any conventionally employed treadstock rubber 
which includes natural rubber, synthetic rubber and blends thereof. Such rubbers are well known to those skilled in the 
art and include synthetic polyisoprene rubber, styrene/butadiene rubber (SBR), polybutadiene, butyl rubber, Neoprene, 
ethylene/propylene rubber, ethylene/propylene/diene rubber (EPDM), acrylonitrile/butadiene rubber (NBR), silicone 
rubber, the fluoroelastomers, ethylene acrylic rubber, ethylene vinyl acetate copolymer (EVA), epichlorohydrin rubbers, 

is chlorinated polyethylene rubbers, chlorosulfonated polyethylene rubbers, hydrogenated nitrile rubber, tetrafluoroeth- 
ylene/propylene rubber and the like. When the polymers of the present invention are blended with conventional rubbers, 
the amounts can vary widely such as between 10 and 99 percent by weight. 

The polymers can be compounded with carbon black in amounts ranging from 5 to 100 parts by weight, per 100 
parts of rubber (phr), with 5 to 80 parts being preferred and from 40 to 70 phr being more preferred. The carbon blacks 

20 may include any of the commonly available, commercially-produced carbon blacks but those having a surface area 
(EMSA) of at least 20 m 2 /g and more preferably at least 35 m 2 /g up to 200 m 2 /g or higher are preferred. Surface area 
values used in this application are those determined by ASTM test D-1 765 using the cetyltrimethyl-ammonium bromide 
(CTAB) technique. Among the useful carbon blacks are furnace black, channel blacks and lamp blacks. More specif- 
ically, examples of the carbon blacks include super abrasion furnace (SAF) blacks, high abrasion furnace (HAF) blacks, 

25 fast extrusion furnace (FEF) blacks, fine furnace (FF) blacks, intermediate super abrasion furnace (ISAF) blacks, semi- 
reinforcing furnace (SRF) blacks, medium processing channel blacks, hard processing channel blacks and conducting 
channel blacks. Other carbon blacks which may be utilized include acetylene blacks. Mixtures of two or more of the 
above blacks can be used in preparing the carbon black products of the invention. Typical values for surface areas of 
usable carbon blacks are summarized in the following TABLE I. 

30 



TABLE I 



CARBON BLACKS 


ASTM Designation (D-1765-82a) 


Surface Area (m 2 /g) (D-3765) 


N-110 


126 


N-220 


111 


N-339 


95 


N-330 


83 


N-550 


42 


N-660 


35 



The carbon blacks utilized in the preparation of the rubber compounds of the invention may be in pelletized form 
or an unpelietized flocculent mass. Preferably, for more uniform mixing, unpelletized carbon black is preferred. The 

45 reinforced rubber compounds can be cured in a conventional manner with known vulcanizing agents at 0.5 to 4 phr. 
For example, sulfur or peroxide-based curing systems may be employed. For a general disclosure of suitable vulcan- 
izing agents one can refer to Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd ed., Wiley Interscience, N.Y. 
1982, Vol. 20, pp. 365-468, particularly "Vulcanization Agents and Auxiliary Materials" pp. 390-402. Vulcanizing agents 
may be used alone or in combination. 

so Vulcanizable elastomeric or rubber compositions of the invention can be prepared by compounding or mixing the 

polymers thereof with carbon black and other conventional rubber additives such as fillers, plasticizers, antioxidants, 
curing agents and the like, using standard rubber mixing equipment and procedures and conventional amounts of such 
additives. 

55 General Experimental 

In order to demonstrate the preparation and properties of the initiator mixtures and elastomers according to the 
present invention, a number of such initiator mixtures and elastomers were prepared. A number of solutions of styrene 
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and butadiene monomers in hexane were prepared and were polymerized with the above described initiator mixtures. 
As noted above, various techniques known in the art for carrying out polymerizations may be employed without de- 
parting from the scope of the present invention. 

In the following examples, parts and percents are by weight unless otherwise specified. Polymer structure was 

s determined by gel permeation chromatography (GPC) for molecular weight and infrared spectroscopy (IR) for micro- 
structure of diene portion and nuclear magnetic resonance spectrum (NMR) for styrene content. 

For evaluation of compounded properties, the strength at breakage was evaluated by using micro-dumbbell spec- 
imens. To evaluate hysteresis loss properties, the dynamic loss factor at 50°C (tan 5) was measured by means of a 
Dynastat viscoelastomer at 1 Hz. In general, the smaller the tan 5 value, the lower the hysteresis loss. 

10 Wear resistance was measured by means of a Lambourn abrasion tester and represented by an index based on 

the comparative example, as will be discussed hereinbelow. In general, the higher the index number, the better the 
wear resistance. 

Example 1 

15 

Five pounds of styrene and butadiene blend (T.S=19%), which had 38% styrene for total monomer, was charged 
in 3.8 I (1 gallon) reactor. To the reactor was then added 0.185 mmol of TMEDA, 0.247 mmol of t-AmylOK and 3.3 
mmol of the N-lithio salt of hexamethyleneimine, or "LHMI". The LHMI was prepared by treating 3.3 mmole of hexam- 
ethyleneimine with 3.7 mmole of n-butyllithium in hexanes, immediately prior to charging to the reactor for polymeri- 
as zation. Reaction temperature was set to 1 50° F (65° C). After 80 minutes, a small amount of polymer cement was taken 
and terminated by i-PrOH. To the rest of the cement was then added 1 .8 mmol of Bu 2 SnCI 2 with agitation for 30 minutes. 
The polymer cement was coagulated by i-ProH and dried by drum dryer to obtain an SBR, reported hereinbelow as 
Polymer A. A comparative example polymer was made without TMEDA by using the same method described above. 
This comparative polymer is reported hereinbelow as Polymer B. Molecular weight information for Polymers A and B 
25 are reported in TABLE II hereinbelow. 



TABLE II 



ANALYSIS OF POLYMERS A AND B 




Base Polymer 


Coupled Polymer 




ML 4 


Mn 


Mw/Mn 


ML4 


Mn 


Mw/Mn% 


couple 


Polymer A 


35.0 


1.17x10 s 


1.19 


79.8 


1.55 x 10 5 


1.67 


40% 


Polymer B 


30.0 


1.04x 10 5 


1.25 


75.5 


1.55 x 10 5 


1.60 


41% 



35 

This data shows that the use of TMEDA makes Mw/Mn narrower. 

Example 2. NLiP Initiator and NaOR System 

40 a) Bottle polymerization of NLiP • C 9 H 19 -$-ONa System 

NLIP2THF was prepared as follows. A mixture of 25.1 meq of pyrrolidine and 25.1 meq of n-butyllithium in hexane 
was stirred under nitrogen over a weekend at room temperature. This was treated with 50.2 meq of THF in hexane, 
and the resulting mixture was used to initiate the following polymerization. 
45 A bottle polymerization was carried out using a 35 percent styrene/65 percent butadiene (wt/wt) blend in hexane 

(18% total solid). Five bottles were used at different conditions as follows: 



50 





NLiP2THF/100g monomer 


Na/Li 


CA/Li 


Bottle C 


1.2 mmol 


1/5 




Bottle D 


1.2 


1/10 




Bottle E 


1.2 


1/20 




Bottle F 


1.2 


1/10 


CA= 1/20 


Bottle G 


1.2 


1/20 


CA=1/20 



55 

In this table, "CA" refers to the chelating reagent, and was a linear oligomeric oxolanyl propane. Sodium nonylphenoxide 
was used. Polymerization reaction was carried out at 50°C for 4 hours and terminated by addition of isopropyl alcohol 
("i-PrOH"). The polymer cement of each bottle C-G, corresponding to Polymers C-G respectively, was a clear yellow 
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solution. The polymers were isolated by coagulation in i-PrOH, treated with an antioxidant (butylated hydroxy toluene) 
and drum dried. Analysis data for Polymers C-G are listed in TABLE III. 



TABLE III 



5 



10 



ANALYSIS OF POLYMERS C-G 


Polymer 


Conversion 


Mn 


Mw/Mn 


Vinyl a 


Styrene 


C 


83.1% 


1.2E5 


1.64 


37.0% 


34.5% 


D 


83.0% 


1.1E5 


1.57 


29.4% 


34.4% 


E 


86.4% 


1.1E5 


1.63 


25.7% 


34.5% 


F 


83.0% 


1.1E5 


1.47 


40.2% 


34.4% 


G 


86.0% 


1.1E5 


1.35 


43.3% 


34.6% 



a) Based upon parts of butadiene 

15 

By adding the chelating reagent, CA, the molecular weight distribution (Mw/Mn) is narrowed as evidenced by the 
comparison of Polymers C, D and E made without the chelating reagent, against Polymers F and G made with the 
chelating reagent. 

20 2. NLiP Initiator and t-AmylOK System 

a) Reactor polymerization in n-hexnne solution 

5 pounds of styrene and butadiene monomer blend (T.S. = 18%), which has 38wt% styrene for total monomer, 
25 was charged in 3.8 1 (1 gallon) reactor. To this, 3.9mmol of NLiP-2THF initiator, prepared as above, was charged along 
with 0.19mmol of t-AmylOK. Reaction temperature was set to 140°F (60°C). Polymerization time was 3 hours and 
observed peak temperature was 155°F (68°C). Then, 1.9mmol of Bu 2 SnCI 2 solution was added to the reactor and 
agitated 30 minutes. Polymer cement was coagulated in i-PrOH, treated with an antioxidant as above, and dried by 
drum dryer to obtain an SBR, reported herein as a Polymer F. 
30 A comparative example polymer was made by using n-BuLi. Five pounds of 40% styrene and butadiene monomer 

blend (T.S. = 18%) was charged in 1 gallon reactor. To the reactor, 3.8mmol of n-BuLi and 0.38mmol of t-AmlyOK was 
added. After 1.5 hours polymerization at 160°F (71 °C), 1.9mmol of Bu 2 SnCI 2 was charged to the reactor. Then the 
cement was coagulated and drum dried as above, to obtain Polymer I. 
Characterizations of these polymers are listed in TABLE IV. 



TABLE IV 



40 



ANALYSIS OF POLYMERS H AND I 




Mn 


Mw/Mn 


ML4 


Vinyl a 


Styrene 


Polymer H 


1.8E5 


1.77 


87 


22% 


38% 


Polymer I 


2.0E5 


1.62 


94 


19% 


43% 



a) Based upon parts of butadiene 



b) Compound Physical Properties of the Polymer 

45 

Polymers H, I and a control, an SBR initiated with BuLi, without the initiator combination of this invention, which 
was a 20% styrene, 60% vinyl (based upon the butadiene portion), SnCI 4 coupled SBR, were tested for physical prop- 
erties. Compounding was done by using a standard recipe (parts by weight of Polymer 100, HAF carbon black 48.5, 
aromatic oil 10.5, sulfur 1.5). Results are summarized in TABLE V. 

50 



55 
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TABLE V 



5 



\ COMPOUNDED PROPERTIES, POLYMERS H-l 




RT 




tan 6 




Tb(kg/cm2) 


Eb(%) 


Wear Index 


50°C 


Example 


Polymer H 


256 


488 


118 


0.12 


Polymer I 


197 


420 


127 


0.15 


Comparative 


SBR/SnCI 4 


182 


430 


100 


0.14 



Polymer H shows lower hysteresis loss and higher tensile strength and wear resistance than comparative polymers. 

3. LHMI Initiator and t-AmylOK System 

a) Reactor Polymerization in n-hexane Solution 

Five pounds of styrene and butadiene monomer blend (T.S. = 18%), which had 28 wt% styrene for total monomer, 
was charged to a 3.8 I (1 gallon) reactor. To this 3.7mmol of LHMI initiator was charged, following which 0.18mmol of 
t~AmylOK and 1 . 1 mmol of oligomeric oxolanyl propanes were added. Reaction temperature was set to 1 60°F (71 °C). 
Polymerization time was 1 hour and observed peak temperature was 175°F (79°C). Then, 0.9mmoi of SnCI 4 solution 
was added to the reactor and agitated 30 minutes. The polymer was isolated as in the foregoing examples, and is 
reported herein as Polymer J. 

Polymer K was made by the same procedure as polymer J except using 38 wt% styrene/62 wt% butadiene instead 
of 28wt% styrene/72 wt% butadiene monomer blend, and the chelating reagent level was reduced to 0.12 mmol. 

Polymer L was made by the same procedure as polymer K except without the chelating reagent. 

Characterizations of these polymers are listed in TABLE VI. These polymers were found to have similar glass 
transition temperatures. 



TABLE VI 



ANALYSIS OF POLYMERS J-L 




Mn 


Mw/Mn 


ML4 


Vinyl a 


Styrene 


Polymer H 


1.6x10 5 


2.05 


65 


42% 


28% 


Polymer I 


1.6x105 


2.34 


100 


22% 


38% 


Polymer J 


1.6x105 


2.54 


118 


17% 


40% 



a) Based upon parts of butadiene 



25 



b) Compound Physical Properties of the Polymer 

Polymers J, K, L and a control SBR, consisting of 20% styrene, 60% vinyl (based upon 100% butadiene), SnC|4 
coupled SBR, was used for physical property tests. The polymers were compounded in a natural rubber blended recipe 
(parts by weight of SBR 75, natural rubber 25, HAF carbon black 48.5, aromatic oil 11 , sulfur 1 .6). Results are sum- 
marized in TABLE VII. 



TABLE VII 



COMPOUNDED PROPERTIES, POLYMERS J-L 




Tear Strength, 




100°C 


168°C 


Wear 


tan 5 




Tb(kg/cm2) 


Eb(%) 


(kg/cm) 


Index 


50° C 


Example Polymer J 


119 


414 


30 


105 


0.11 


Example Polymer K 


127 


462 


27 


116 


0.12 
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TABLE VII (continued) 



COMPOUNDED PROPERTIES, POLYMERS J-L 




Tear Strength, 




100°C 


168°C 


Wear 


tan 6 




Tb(kg/cm2) 


Eb(%) 


(kg/cm) 


Index 


50°C 


Example Polymer L 


129 


473 


32 


114 


0.13 


Comparative SBR/SnCI 4 


108 


417 


29 


100 


0.13 



These example polymers show higher tensile properties and wear resistance, and also lower hysteresis loss prop- 
erty than the control SBR. 

It should now be clear from the foregoing examples and specification disclosure, that initiators according to the 
present invention are useful for the anionic polymerization of diene monomers. Reproducible polymerization of such 
polymers within a relatively narrow molecular weight range is achieved, and the resulting polymers also exhibit good 
preservation of live C-Li ends, when compared to the non-solubilized initiators heretofore known in the art. 



Claims 

1. A hydrocarbon soluble, anionic polymerization initiator comprising a mixture of: 
(i) a lithio amine having the general formula 

(A)Li(SOL) y 

where y is 0 or from 0.5 to 3; SOL is a solubiiizing component selected from the group consisting of hydrocar- 
bons, ethers, amines or mixtures thereof; and, A is selected from the group consisting of dialkyl, alkyl, cycloalkyl 
or dicycloalkyl amine radicals having the general formula 




40 



and cyclic amines having the general formula 



45 




50 where each R-, is independently selected from the group consisting of alkyls, cycloalkyls and aralkyls having 

from having from 1 to 12 carbon atoms and R 2 is selected from the group consisting of a divalent alkylene, 
oxy- or amino-alkylene group having from 3 to 12 methylene groups; 

(ii) an organic alkali metal compound; and, optionally, 

(iii) a chelating reagent. 

55 

2. An anionic polymerization initiator, as set forth in claim 1 , wherein the carbon atoms in R 1 and R 2 which are bonded 
to the nitrogen in the amine, are also bonded to a total of at least three hydrogen atoms. 
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3. An anionic polymerization initiator, as set forth in claim 1 , wherein SOL is a dienyl or vinyl aromatic oligomer having 
a degree of polymerization of from 3 to 300 polymerization units. 

4. An anionic polymerization initiator, as set forth in claim 3, wherein SOL is selected from the group consisting of 
polybutadiene, polystyrene, polyisoprene and copolymers thereof. 

5. An anionic polymerization initiator, as set forth in claim 1, wherein SOL is selected from the group consisting of 
tetrahydrofuran and tetramethylethylenediamine. 

6. An anionic polymerization initiator, asset forth in claim 1 , wherein A is selected from the group consisting of 1 ,3,3-tri- 
methyl-6-azabicyclo [3.2.1] octane, diisobutyl amide; pyrrolidine; piperidine; 4-alkylpiperazine; perhydroazepine; 
1 -azacyclooctane; and derivatives thereof. 

7. An anionic polymerization initiator, as set forth in claim 6, wherein said pyrrolidine derivative is perhydroindole. 

8. An anionic polymerization initiator, as set forth in claim 1 , wherein A is selected from the group consisting of di-n- 
alkylamines, wherein the alkyl group has from 2 to 5 carbon atoms. 

9. An anionic polymerization initiator, as set forth in claim 1 , wherein A is pyrrolidine, y is 2 and SOL is selected from 
the group consisting of tetrahydrofuran and tetramethylethylenediamine. 

10. An anionic polymerization initiator, as set forth in claim 1 , wherein A is perhydroazepine, y is 2 and SOL is selected 
from the group consisting of tetrahydrofuran and tetramethylethylenediamine. 

11. An anionic polymerization initiator, as set forth in claim 1 , wherein A is perhydroazepine and y is 0. 

12. An anionic polymerization initiator, as set forth in claim 3, wherein said lithio amine has the formula A-(SOL)-Li, 
and A is pyrrolidine. 

13. An anionic polymerization initiator, as set forth in claim 1, wherein said organic alkali metal compound is selected 
from the group consisting of compounds having the general formula R 3 M, R 4 OM, R 5 C(0)OM, R 6 R 7 NM, and 
R 8 S0 3 M, where R 3 , F^, R 5 , R 6 R 7 , and R 8 are each selected from the group consisting of alkyls, cycloalkyls, 
alkenyls, aryls, or phenyls, having from 1 to 12 carbon atoms; and where M is selected from the group consisting 
of Na, K, Rb or Cs. 

14. An anionic polymerization initiator, as set forth in claim 13, wherein M is Na or K, and said mixture comprises a 
mixture ratio of said organic alkali metal compound of from 0.5 to 0.02 equivalents thereof per equivalent of lithium 
in said lithio amine. 

15. An anionic polymerization initiator, as set forth in claim 1 , wherein said chelating reagent is present and is selected 
from the group consisting of tetramethylethylene diamine; linear oligomeric oxolanyl alkanes; and, oxolanyi cyclic 



16. An anionic polymerization initiator, as set forth in claim 15, wherein said mixture comprises a mixture ratio of said 
chelating reagent of from 0.01 to 2 equivalents thereof per equivalent of lithium in said lithio amine. 

17. A method of preparing an anionic polymerization initiator comprising the steps of: 

forming a reaction product by reacting an organolithium compound with a functionalizing agent; said func- 
tionalizing agent being selected from the group consisting of alkyl, dialkyl, cycloalkyl or dicycloalkyl amine radicals 
having the general formula 



acetals. 
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and cyclic amines having the general formula 




N — 



where each R-, is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyls having 
from 1 to 12 carbon atoms, and R 2 is selected from the group consisting of a divalent alkylene, oxy- or amino- 
alkylene group having from about 3 to 12 methylene groups; 

and mixing said reaction product with an organic alkali metal compound; and a chelating reagent; 
said organolithium compound having the general formula RLi where R is selected from the group consisting 
of alkyls, cycloalkyls, alkenyls, aryls and aralkyls having from 1 to 20 carbon atoms and short chain length low 
molecular weight polymers from diolefin and vinyl aryl monomers having up to about 25 units. 

18. A process for preparing an elastomeric compound having reduced hysteresis properties comprising the steps of: 

forming a solution of one or more anionically polymerizable monomers in a hydrocarbon solvent; and, 
polymerizing said monomer with a mixture of a lithio amine, an organic alkali metal compound and optionally 
a chelating agent to form a polymer; 
said lithio amine having the general formula 



where y is 0 or from about 0.5 to about 3; SOL is a solubilizing component selected from the group consisting of 
hydrocarbons, ethers, amines or mixtures thereof; and, A is selected from the group consisting of alkyl, dialkyl, 
cycloalkyl or dicycloalkyl amine radicals having the general formula 



where each R 1 is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyls having 
from 1 to 12 carbon atoms, and R 2 is selected from the group consisting of a divalent alkylene, oxy- or amino- 
alkylene group having from 3 to 12 methylene groups. 

19. A process, as set forth in claim 18, wherein said monomers are selected from the group consisting of styrene and 
butadiene, and mixtures thereof. 

20. A process, as set forth in claim 1 8, comprising the further step of reacting the polymerized monomer with a modifying 
agent selected and derived from the group consisting of terminating agents, coupling agents and linking agents. 



(A)Li(SOL) y 




and cyclic amines having the general formula 
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21. A process as set forth in claim 20, wherein said modifying agent is selected from the group consisting of carbon 
dioxide; N,N,^NMetraalkyldiaminobenzophenones; dialkylaminobenzaldehydes; dialkylimidazolidinones; 1-alkyi 
substituted pyrrolidinones; 1 -aryl substituted pyrrolidinones; dialkyl- and dicycloalkyl-carbodiimides having from 5 
to 20 carbon atoms; (R 15 ) a ZX b ; 



10 



o 

X 



N-R 



16 



15 



20 



R 



M8X 



n ~^0^" ch=o 



18 



25 




N-R, 8 : 



30 



35 



18\ 



N— (^)— N=CH-R 17 J 



and, 



40 



45 



1 x n "^0^~ ch=n ~ Rij 



18 



SO 



55 



where Z is tin or silicon; R 15 is selected from the group consisting of alkyls having from 1 to 20 carbon atoms, 
cycloalkyls having from 3 to 20 carbon atoms, aryls having from 6 to 20 carbon atoms and araikyls having from 7 
to 20 carbon atoms; X is chlorine or bromine; a is from 0 to 3 and b is from 1 to 4 where a + b = 4; each R 16 is the 
same or different and is selected from the group consisting of alkyls, cycloalkyls and aryls, having from 1 to 12 
carbon atoms; R 17 is selected from the group consisting of t-alkyls, phenyls, alkylphenyls and N,N-dialkylami- 
nophenyls, having from 4 to 20 carbon atoms; each R 18 is the same or different, and is selected from the group 
consisting of alkyls and cycloalkyls having from 1 to 1 2 carbon atoms; and, R 19 is selected from the group consisting 
of alkyls, phenyls, alkylphenyls and N,N-dialkylaminophenyls having from 1 to 20 carbon atoms, and mixtures 
thereof. 



22. A process as set forth in claim 21 , wherein the two R 18 groups together form a cyclic group. 
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23. A process as set forth in claim 1 8 comprising the further step of compounding said polymer with from 5 to 80 parts 
by weight of carbon black, per 100 parts of said polymer, to form a vulcanizable compound. 

24. A process as set forth in claim 23, comprising the further step of forming a treadstock from said vulcanizable 
compound. 

25. A process as set forth in claim 24, comprising the further step of forming a tire having at least one component 
formed from said treadstock compound. 

26. A polymer prepared by forming a solution of one or more anionically polymerizable monomers in a hydrocarbon 
solvent; and, 

polymerizing said monomer with a mixture of a lithio amine, an organic alkali metal compound and optionally 

a chelating agent to form a polymer; 

said lithio amine having the general formula 



where y is 0 or from 0.5 to 3; SOL is a solubilizing component selected from the group consisting of hydrocarbons, 
ethers, amines or mixtures thereof; and, A is selected from the group consisting of aikyl, dialkyl, cycloalkyl or 
dicycloalkyl amine radicals having the general formula 



where each R 1 is independently selected from the group consisting of and alkyls, cycloalkyls and aralkyls having 
from 1 to 12 carbon atoms, and R 2 is selected from the group consisting of a divalent alkylene, oxy- or amino- 
alkylene group having from 3 to 12 methylene groups. 

27. A polymer as set forth in claim 26,comprising a tin-carbon bond. 

28. A vulcanizable elastomer formed by compounding the polymer of claim 26 with from 5 to 80 parts by weight of 
carbon black, per 100 parts of the polymer. 

29. A treadstock compound formed from the vulcanizable elastomer of claim 28. 

30. A tire having at least one component formed from the treadstock compound of claim 29. 



Patentanspruche 

1. Kohlenwasserstoffloslicher, anionischer Polymerisationsinitiator, umfassend ein Gemisch aus: 
(i) einem Lithioamin der allgemeinen Formel 



(A)Li(SOL) y 




and cyclic amines having the general formula 
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(A)Li(SOL) y 



woriny den Wert Ooder 0,5 bis 3 hat, SOLfureine solubilisierende Komponente, ausgewahlt aus der Gruppe 
bestehend aus Kohlenwasserstoffen, Ethern, Aminen oder Gemischen davon, steht, und A aus der Gruppe 
bestehend aus Dialkyl-, Alkyl-, Cycloalkyl- oder Dicycloalkylaminresten mit der allgemeinen Formei 



ausgewahlt ist, wobei jede Gruppe R, unabhangig aus der Gruppe bestehend aus Alkyh Cycloalkyl- und 
Aralkylresten mit 1 bis 1 2 Kohlenstoffatomen ausgewahlt ist, und R 2 aus der Gruppe bestehend aus zweiwer- 
tigen Afkylen-, Oxy- oder Aminoalkylenresten mit 3 bis 12 Methylengruppen ausgewahlt ist; 

(ii) einer organischen Alkalimetallverbindung; und gegebenenfalls 

(iii) einem Cheliermittel. 

2. Anionischer Polymerisationsinitiator nach Anspruch 1 , dadurch gekennzeichnet, daB die Kohlenstoffatome in R 1 
und R 2 , die an das Stickstoffatom in dem Amin gebunden sind, auch an insgesamt mindestens drei Wasserstoff- 
atome gebunden sind. 

3. Anionischer Polymerisationsinitiator nach Anspruch 1, dadurch gekennzeichnet, daB SOL fur ein dienyl- oder 
vinylaromatisches Oligomeres mit einem Polymerisationsgrad von 3 bis 300 Polymerisationseinheiten steht. 

4. Anionischer Polymerisationsinitiator nach Anspruch 3, dadurch gekennzeichnet, daB SOL aus der Gruppe be- 
stehend aus Polybutadien, Polystyrol, Polyisopren und Copolymeren davon ausgewahlt ist. 

5. Anionischer Polymerisationsinitiator nach Anspruch 1, dadurch gekennzeichnet, daB SOL aus der Gruppe be- 
stehend aus Tetrahydrof uran und Tetramethylethylendiamin ausgewahlt ist. 

6. Anionischer Polymerisationsinitiator nach Anspruch 1, dadurch gekennzeichnet, daB A aus der Gruppe beste- 
hend aus 1,3,3-Trimethyl-6-azabicyclo[3.2.1]octan, Diisobutylamid, Pyrrolidin, Piperidin, 4-Alkylpiperazin, Perhy- 
droazepin, 1 -Azacyclooctan und Derivaten davon ausgewahlt ist. 

7. Anionischer Polymerisationsinitiator nach Anspruch 6, dadurch gekennzeichnet, daB das Pyrrolidinderivat Per- 
hydroindol ist. 

8. Anionischer Polymerisationsinitiator nach Anspruch 1, dadurch gekennzeichnet, daB A aus der Gruppe beste- 
hend aus Di-n-alkylaminen, wobei die Alkylgruppe 2 bis 5 Kohlenstoffatome besitzt, ausgewahlt ist. 

9. Anionischer Polymerisationsinitiator nach Anspruch 1 , dadurch gekennzeichnet, daB A fur Pyrrolidin steht, y den 
Wert 2 hat und SOL aus der Gruppe bestehend aus Tetrahydrof uran und Tetramethylethylendiamin ausgewahlt ist. 

10. Anionischer Polymerisationsinitiator nach Anspruch 1 , dadurch gekennzeichnet, daB A fur Perhydroazepin steht, 
y den Wert 2 hat und SOL aus der Gruppe bestehend aus Tetrahydrof uran und Tetramethylethylendiamin ausge- 




N — 



und cyclischen Aminen mit der allgemeinen Formei 




wan It ist. 
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11. Anionischer Pplymerisationsinitiator nach Anspruch 1, dadurch gekennzeichnet, daB A fur Perhydroazepin steht 
und y den Wert 0 hat. 

12. Anionischer Polymerisationsinitiator nach Anspruch 3, dadurch gekennzeichnet, daB das Li-thioamin die Formel 
A-(SOL)-Li hat, und dal3 A fur Pyrrolidin steht. 

13. Anionischer Polymerisationsinitiator nach Anspruch 1, dadurch gekennzeichnet, daB die organische Alkalime- 
tallverbindung aus der Gruppe bestehend aus Verbindungen mit der allgemeinen Formel R 3 M, R 4 OM, R 5 C(0)OM, 
R 6 R 7 NM und R 8 S0 3 M ausgewahlt ist, wobei R 3 , R 4> R 5 , R 6 , R 7 und R 8 jeweils aus der Gruppe bestehend aus 
Alky!-, Cycloalkyl-, Alkenyl-, Aryl- oder Phenylresten mit 1 bis 12 Kohlenstoffatomen ausgewahlt sind, und M aus 
der Gruppe bestehend aus Na, K, Rb oder Cs ausgewahlt ist. 

14. Anionischer Polymerisationsinitiator nach Anspruch 13, dadurch gekennzeichnet, daB M fur Na oder K steht und 
daB in dem Gemisch das Mischverhaltnis der organischen Alkalimetallverbindung 0,5 bis 0,02 Aquivalente pro 
Aquivalent Lithium in dem Lithioamin betragt. 

15. Anionischer Polymerisationsinitiator nach Anspruch 1 , dadurch gekennzeichnet, daB das Cheliermittel vorhanden 
ist und aus der Gruppe bestehend aus Tetramethylethylendiamin, linearen oiigomeren Oxolanylalkanen und Oxo- 
lanyl-cyclisch-Acetalen ausgewahlt ist. 

16. Anionischer Polymerisationsinitiator nach Anspruch 15, dadurch gekennzeichnet, daB in dem Gemisch das 
Mischverhaltnis des Cheliermittels 0,01 bis 2 Aquivalente pro Aquivalent Lithium in dem Lithioamin betragt. 

17. Verfahren zur Herstellung eines anionischen Polymerisationsinitiators, umfassend die Stufen: 

Bildung eines Reaktionsprodukts durch Umsetzung einer Organolithiumverbindung mit einem Funktionalisie- 
rungsmittel, wobei das Funktionalisierungsmittel aus der Gruppe bestehend aus Alkyl-, Dialkyl-, Cycloalkyl- 
oder Dicycloalkylaminresten der allgemeinen Formel 



ausgewahlt wird, wobei jede Gruppe R-| unabhangig aus der Gruppe bestehend aus Alkyl-, Cycloalkyl- und 
Aralkylresten mit 1 bis 12 Kohlenstoffatomen ausgewahlt wird, und R 2 aus der Gruppe bestehend aus zwei- 
wertigen Alkylen-, Oxy- oder Aminoalkylenresten mit etwa 3 bis 12 Methylengruppe ausgewahlt wird; 

und Vermischen des genannten Reaktionsprodukts mit einer organischen Alkalimetallverbindung und einem 



wobei die Organolithiumverbindung die allgemeine Formel RLi besitzt, worin R aus der Gruppe bestehend 
aus Alkyl-, Cycloalkyl-, Alkenyl-, Aryl- und Aralkylresten mit 1 bis 20 Kohlenstoffatomen und kurzkettigen Po- 
lymeren mit niedrigem Mole ku large wicht aus Diolefin- und Vinylarylmonomeren mit bis zu etwa 25 Einheiten 
ausgewahlt wird. 

18. Verfahren zur Herstellung einer Elastomerverbindung mit verminderten Hystereseeigenschaften, umfassend die 




und cyclischen Aminen der allgemeinen Formel 




Cheliermittel; 
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Stufen: 

Bildung einer Losung von einem Oder mehreren anionisch polymerisierbaren Monomeren in einem Kohlen- 
wasserstoff-Ldsungsmittel; und 

5 

Polymerisation des genannten Monomeren mit einem Gemisch aus einem Lithioamin, einer organischen Al- 
kaiimetallverbindung und gegebenenfalls einem Cheliermittel, urn ein Polymeres zu bilden, wobei das Lithio- 
amin die allgemeine Forme! 

10 (A)Li(SOL) y 

hat, worin y den Wert 0 oder 0,5 bis 3 hat, SOL tOr eine solubilisierende Komponente, ausgewahlt aus der 
Gruppe bestehend aus Kohlenwasserstoffen, Ethern, Aminen oder Gemischen davon, steht, und A aus der 
is Gruppe bestehend aus Alkyh Diaikyh Cycloalkyl- oder Dicycloalkylaminresten mit der allgemeinen Formel 




N— 



25 und cyclischen Aminen mit der allgemeinen Formel 



30 




ausgewahlt ist, wobei jede Gruppe Ft-, unabhangig aus der Gruppe bestehend aus Alkyl-, Cycloalkyl- und 
Aralkylresten mit 1 bis 12 Kohlenstoffatomen ausgewahlt ist, und R 2 aus der Gruppe bestehend aus zweiwer- 
35 tigen Alkylen-, Oxy- oder Aminoalkylenresten mit 3 bis 12 Methylengruppen ausgewahlt ist. 

19. Verfahren nach Anspruch 18, dadurch gekennzeichnet, daB die Monomeren aus der Gruppe bestehend aus 
Styrol und Butadien und Gemischen davon ausgewahlt werden, 

40 20. Verfahren nach Anspruch 18, dadurch gekennzeichnet, daB es die weitere Stufe der Umsetzung des polymeri- 
sierten Monomeren mit einem Modifizierungsmittel, ausgewahlt und abgeleitet aus der Gruppe bestehend aus 
Terminierungsmitteln, Kupplungsmitteln und Vernetzungsmittein, umfaBt. 

21. Verfahren nach Anspruch 20, dadurch gekennzeichnet, daB das Modifizierungsmittel aus der Gruppe bestehend 
45 aus Kohlendioxid, N^N^'-Tetraalkyldiaminobenzophenonen, Dialkylaminobenzaldehyden, Dialkylimidazolidi- 

nonen, 1-Alkyl-substituierten Pyrrolidinonen, 1-Aryl-substituierten Pyrrolidinonen, Dialkyl- und Dicycloalkylcarbo- 
diimiden mit 5 bis 20 Kohlenstoffatomen, (R 15 ) a ZX b , 



50 
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R 16 ~ N 



o 

X 



N— R 
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5 



10 



15 



20 



25 und 



30 




ausgewahit wird, worin Z fur Zinn oder Silicium steht, R 15 aus der Gruppe bestehend aus Alkylresten mit 1 bis 20 
35 Kohlenstoffatomen, Cycloalkylresten mit 3 bis 20 Kohlenstoffatomen, Arylresten mit 6 bis 20 Kohlenstoffatomen 

und Aralkylresten mit 7 bis 20 Kohlenstoffatomen ausgewahit wird, X fur Chlor oder Brom steht, a einen Wert von 
0 bis 3 hat und b einen Wert von 1 bis 4 hat, wobei a + b = 4, wobei jede Gruppe R 16 gleich oder verschieden ist 
und aus der Gruppe bestehend aus Alkyl-, Cycloalkyl- und Arylresten mit 1 bis 12 Kohlenstoffatomen ausgewahit 
wird, R 17 aus der Gruppe bestehend aus t-Alkyl-, Phenyl-, Alkylphenyl- und N,N-Dialkylaminophenylresten mit 4 
40 bis 20 Kohlenstoffatomen ausgewahit wird, wobei jede Gruppe R 18 gleich oder verschieden ist und aus der Gruppe 

bestehend aus Alkyl- und Cycloalkylresten mit 1 bis 12 Kohlenstoffatomen ausgewahit wird, und R 19 aus der 
Gruppe bestehend aus Alkyl-, Phenyl-, Alkylphenyl- und N,N-Dialkylaminophenylresten mit 1 bis 20 Kohlenstoff- 
atomen und Gemischen davon ausgewahit wird. 

45 22. Verfahren nach Anspruch 21, dadurch gekennzeichnet, daB die zwei Gruppen R 18 miteinander eine cyclische 
Gruppe bilden. 

23. Verfahren nach Anspruch 18, dadurch gekennzeichnet, daB es eine weitere Stufe der Kompoundierung des Po- 
lymeren mit 5 bis 80 Gew.-Teilen RuB pro 100 Gew-Teile Polymeres zur Bildung einer vulkanisierbaren Masse 

so umfaBt. 

24. Verfahren nach Anspruch 23, dadurch gekennzeichnet, daB es die weitere Stufe der Bildung einer Laufflachen- 
masse aus der vulkanisierbaren Masse umfaBt 

55 25. Verfahren nach Anspruch 24, dadurch gekennzeichnet, daB es die weitere Stufe der Bildung eines Reifens mit 
mindestens einer Komponente, gebildet aus der genannten Laufflachenmasse, umfaBt. 

26. Polymeres, hergestellt durch Bildung einer Losung von einem oder mehreren anionisch polymerisierbaren Mono- 
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meren in einem Kohlenwasserstoff-Ldsungsmittel; und 

Polymerisation des Monomeren mit einem Gemisch aus einem Lithioamin, einer organischen Alkalimetallver- 
bindung und gegebenenfalls einem Cheliermittel, urn ein Polymeres zu bilden, 

5 

wobei das Lithioamin die aligemeine Formel 

(A)Li(SOL) y , 

10 

hat, worin y den Wert 0 oder 0,5 bis 3 hat, SOL fur eine solubilisierende Komponente, ausgewahlt aus der 
Gruppe bestehend aus Kohlenwasserstoffen, Ethern, Aminen oder Gemischen davon, steht, und A aus der 
Gruppe bestehend aus Alky!-, Dialkyh Cycloalkyl- oder Dicycloalkylaminresten mit der aligemeinen Formel 

15 




N — 



20 

und cyclischen Aminen mit der aligemeinen Formel 
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30 ausgewahlt 1st, wobei jede Gruppe R-, unabhangig aus der Gruppe bestehend aus Aikyl-, Cycloalkyl- und 

Aralkylresten mit 1 bis 1 2 Kohlenstoffatomen ausgewahlt ist, und R 2 aus der Gruppe bestehend aus zweiwer- 
tigen Alkylen-, Oxy- oder Aminoalkylenresten mit 3 bis 12 Methylengruppen ausgewahlt ist. 

27. Polymeres nach Anspruch 26, dadurch gekennzeichnet, da3 es eine Zinn-Kohlenstoff-Bindung enthalt. 

35 

28. Vulkanisierbares Elastomeres, gebildet durch Vermischen des Polymeren nach Anspruch 26, mit 5 bis 80 Gew- 
Teilen Ru3 pro 100 Teile des Polymeren. 

29. Laufflachenmasse, gebildet aus dem vulkanisierbaren Elastomeren nach Anspruch 28. 

40 

30. Reifen mit mlndestens einer Komponente, die aus der Laufflachenmasse nach Anspruch 29 gebildet worden ist. 



Revendications 

45 

1. Initiateur de polymerisation anionique, soluble dans les hydrocarbures, comprenant un melange : 
(i) d'une lithioamine repondant a laformule generale 

(A)Li(SOL) y 

dans laquelle y a une vaieur de 0 ou de 0,5 a 3 ; SOL est un composant soiubilisant choisi dans le groupe 
consistant en hydrocarbures, ethers, amines ou leurs melanges ; et A est choisi dans le groupe consistant en 
55 radicaux dialkyl-, alkyl, cycloalkyl-, ou dicycloalkylamino repondant a la formule generale 
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et en radicaux amino cycliques repondant a la formule generate 



R, N— 



formules dans lesquelles chaque R 1 est choisi, independamment, dans ie groupe consistant en radicaux alkyle, 
cycloalkyle et araikyle ayant 1 a 12 atomes de carbone et R 2 est choisi dans le groupe consistant en un groupe 
alkylene, oxyalkylene ou amino-alkylene divalent ayant 3 a 12 groupes methylene ; 
(ii) un compost organique de metal alcalin ; et, a titre facultatif 
(ili) un reactif de chelation. 

2. Initiateur de polymerisation anionique suivant la revendication 1, dans lequel les atomes de carbone presents 
dans et R 2 qui sont lies a I'azote de I'amine sont aussi lies a un total d'au moins 3 atomes d'hydrogene. 

3. Initiateur de polymerisation anionique suivant la revendication 1 , dans lequel SOL est un oligomere dienylique ou 
vinylique aromatique ayant un degre de polymerisation de 3 a 300 motifs de polymerisation. 

4. Initiateur de polymerisation anionique suivant la revendication 3, dans lequel SOL est choisi dans le groupe con- 
sistant en polybutadiene, polystyrene, polyisoprene et leurs copolymeres. 

5. Initiateur de polymerisation anionique suivant la revendication 1 , dans lequel SOL est choisi dans le groupe con- 
sistant en tetrahydrof uranne et tetramethylethylene-diamine. 

6. Initiateur de polymerisation anionique suivant la revendication 1 , dans lequel A est choisi dans le groupe consistant 
en I.S.S-trimethyl-e-azabicycio-fS^.ll-octane, diisobutylamide ; pyrrolidine; piperidine ; 4-alkylpipe7azine ; 
perhydroazepine ; 1 -azacyclo-octane ; et leurs derives. 

7. Initiateur de polymerisation anionique suivant la revendication 6, dans lequel le derive de pyrrolidine est le perhy- 
droindole. 

8. Initiateur de polymerisation anionique suivant la revendication 1, dans lequel A est choisi dans le groupe consistant 
en di-n-alkylamines dont le groupe alkyle a 2 a 5 atomes de carbone. 

9. Initiateur de polymerisation anionique suivant la revendication 1 , dans lequel A est la pyrrolidine, y est egal a 2 et 
SOL est choisi dans le groupe consistant en tetrahydrof uranne et tetramethylethylene-diamine. 

10. Initiateur de polymerisation anionique suivant la revendication 1 , dans lequel A est la perhydroazepine, y est egal 
a 2 et SOL est choisi dans le groupe consistant en tetrahydrof uranne et tetramethylethylene-diamine. 

11. Initiateur de polymerisation anionique suivant la revendication 1, dans lequel A est la perhydroazepine et y est 
egal a 0. 

12. Initiateur de polymerisation anionique suivant la revendication 3, dans lequel la lithioamine repond a la formule A- 
(SOL)-Li et A est la pyrrolidine. 

13. Initiateur de polymerisation anionique suivant la revendication 1, dans lequel le compose organique de metal 
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alcalin est choisi dans le groupe consistant en composes repondant aux formules generates R 3 M, R 4 OM, R 5 C(0) 
OM, R 6 R 7 NM et R 8 SO a M ou R 3 , R4, R 5 , R 6 , R 7 et R 8 sont choisis chacun dans ie groupe consistant en radicaux 
alkyle, cycloalkyle, alcenyle, aryle ou phenyle, ayant 1 a 12 atomes de carbone ; et M est choisi dans le groupe 
consistant en Na, K, Rb ou Cs. 

5 

14. Inltiateur de polymerisation anionique suivant la revendication 1 3, dans lequel M represente Na ou K et le melange 
en question comprend un rapport de melange du compose organique de metal alcalin en question de 0,5 a 0,02 
equivalent de ce compose par equivalent de lithium dans la lithioamine. 

to 15. Inltiateur de polymerisation anionique suivant la revendication 1 , dans lequel le reactif de chelation est present et 
est choisi dans le groupe consistant en tetramethylethylene-diamine ; oxolanyl-alcanes oligomeriques iineaires ; 
et oxolanyl-acetals cycliques. 

16. Inltiateur de polymerisation anionique suivant la revendication 15, dans lequel le melange comprend un rapport 
is de melange du reactif de chelation en question de 0,01 a 2 equivalents de ce reactif par equivalent de lithium dans 

la lithioamine. 

17. Procede de preparation d'un initiateur de polymerisation anionique, qui comprend les etapes consistant : 

20 a former un produit de reaction en faisant reagir un compose organique de lithium avec un agent 

fonctionnalisant ; cet agent fonctionnalisant etant choisi dans le groupe consistant en radicaux alky!-, dialkyl-, 
cycloalkyl- ou dicycloalkylamino repondant a la formule generale 



25 




et amino cycliques repondant a la formule generale 



35 




40 formules dans lesquelles chaque R 1 est choisi, independamment, dans le groupe consistant en radicaux alkyle, 

cycloalkyle et aralkyle ayant 1 a 1 2 atomes de carbone et R 2 est choisi dans le groupe consistant en un groupe 
alkylene, oxyalkylene ou aminoalkylene divalent ayant environ 3 a 1 2 groupes methylene ; 
et a me^anger ce produit de reaction avec un compose organique de metal alcalin ; et un reactif de chelation ; 
ce compose organique de lithium repondant a la formule generale RLi dans laquelle R est choisi dans le 

45 groupe consistant en radicaux alkyle, cycloalkyle, alcenyle, aryle et aralkyle ayant 1 a 20 atomes de carbone 

et en polymeres de bas poids moleculaire a courte longueur de chatne derives de diolefines et de monomeres 
vinylaryliques ayant jusqu'a environ 25 motifs. 

18. Procede de production d'un compose elastomerique ayant des proprietes d'hysteresis reduite, qui comprend les 
so etapes consistant : 

a former une solution d'un ou plusieurs monomeres susceptibles de polymerisation anionique dans un solvant 
hydrocarbon e ; et, 

a polymeriser ce monomere avec un melange d'une lithioamine, d'un compose organique de metal alcalin et, 
55 a titre facultatif , d'un agent de chelation pour former un polymere ; 

cette lithioamine repondant a la formule generale 
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(A)Li(SOL) y 



dans laquelle y est egal a 0 ou a une valeur d'environ 0,5 a environ 3 ; SOL est un composant solubilisant 
choisi dans le groupe consistant en hydrocarbures, ethers, amines ou leurs melanges ; et A est choisi dans 
le groupe consistant en radicaux alkyl-, dialkyl-, cycloalkyl-, ou dicycloalkylamino repondant a la formule ge- 
nerate 



formules dans lesquelles chaque Rf est choisi independamment, dans le groupe consistant en radicaux alkyle, 
cycloalkyle et aralkyle ayant 1 a 1 2 atomes de carbone et R 2 est choisi dans le groupe consistant en un groupe 
alkylene, oxyalkylene ou aminoalkylene divalent ayant 3 a 12 groupes methylene. 

1 9. Procede suivant la revendlcation 1 8, dans lequel les monomeres en question sont choisis dans le groupe consistant 
en styrene et butadiene et leurs melanges. 

20. Proced§ suivant la revendication 18, comprenant en outre Tetape de reaction du monomere polymerise avec un 
agent modificateur choisi dans le groupe et derive du groupe consistant en agents de terminaison, agents de 
couplage et agents de liaison. 

21. Procede suivant la revendication 20, dans lequel I'agent modificateur est choisi dans le groupe consistant en 
anhydride carbonique ; N.N.N'.N'-tetra-alkyldiaminobenzophenones ; diaikylaminobenzaldehydes ; diaikylimida- 
zolidinones ; pyrrolidinones a substituant 1 -alkyle ; pyrrolidinone a substituant 1-aryle ; dialkyl- et dicycloalkylcar- 
bodiimides ayant 5 a 20 atomes de carbone ; (R 15 ) a ZX b ; 




et amino cycliques repondant a la formule generate 




N — 
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O 




ou Z represente retain ou le silicium ; R 15 est choisi dans le groupe consistant en radicaux aikyle ayant 1 a 20 
atomes de carbone, cycloalkyle ayant 3 a 20 atomes de carbone, aryle ayant 6 a 20 atomes de carbone et aralkyle 

30 ayant 7 a 20 atomes de carbone ; X represente le chlore ou le brome ; a a une valeur de 0 a 3 et b a une valeur 

de 1 a 4 ; la somme a + b etant egale a 4 ; chacun des groupes R 16 , identiques ou differents, est choisi dans le 
groupe consistant en radicaux aikyle, cycloalkyle et aryle, ayant 1 a 12 atomes de carbone ; R 17 est choisi dans 
le groupe consistant en radicaux tertioalkyle, phenyle, alkylph^nyle et N,N-dialkylaminophenyle, ayant 4 a 20 
atomes de carbone ; chacun des groupes R 18 , identiques ou differents, est choisi dans le groupe consistant en 

3S radicaux aikyle et cycloalkyle ayant 1 a 12 atomes de carbone ; et R 19 est choisi dans ie groupe consistant en 

radicaux aikyle, phenyle, alkylphenyle et N,N-dialkylaminophenyle ayant 1 a 20 atomes de carbone, et leurs me- 
langes. 

22. Procede suivant la revendication 21, dans lequel les deux groupes R 18 torment ensemble un groupe cyclique. 

40 

23. Procede suivant la revendication 18, comprenant en outre I'etape de formulation du polymere avec 5 a 80 parties 
en poids de noir de carbone pour 100 parties en poids de polymere, pour former un melange vulcanisable. 

24. Procede suivant la revendication 23, comprenant en outre I'etape de formation d'un materiau pour bande de rou- 
46 lement a partir de ce melange vulcanisable. 

25. Procede suivant la revendication 24, comprenant en outre I'etape de formation d'un bandage pneumatique ayant 
au moins un composant forme a partir du melange pour bande de roulement en question. 

so 26. Polymere produit par formation d'une solution d'un ou plusieurs monomeres polymerisables par voie anionique 
dans un solvant hydrocarbone ; et 

polymerisation de ce monomere avec un melange d'une lithioamine, d'un compose organique de metal alcalin 
et, a titre facultatif, d'un agent de chelation pour former un polymere ; 
55 cette lithioamine repondant a la formule generate : 

(A)Li(SOL) y 
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dans laquelle y est egal aOoua une valeur de 0,5 a 3 ; SOL est un composant solubilisant choisi dans le 
groupe consistant en hydrocarbures, others, amines ou leurs melanges ; et A est choisi dans le groupe con- 
sistent en radicaux alky!-, dialkyh cycloalkyl- ou dicycloalkylamino repondant a la tormule generale 




et amino cycliques repondant a la formule generale 




FL N— 

formules dans lesquelles chaque est choisi, independamment, dans le groupe consistant en radicaux alkyle, 
cycloalkyle et aralkyle ayant 1 & 1 2 atomes de carbone et R 2 est choisi dans le groupe consistant en un groupe 
alkylene, oxyalkylene ou amino-alkylene divalent ayant 3 & 12 groupes methylene. 

27. Polymere suivant la revendication 26, comprenant une liaison etain -carbone. 

28. Elastomere vulcanisable, obtenu par formulation du polymere suivant la revendication 26 avec 5 a 80 parties en 
poids de noir de carbone pour 100 parties en poids de polymere. 

29. Melange pour bande de roulement forme a partir de I'elastomere vulcanisable de la revendication 28. 

30. Bandage pneumatique ayant au moins un composant forme du melange pour bande de roulement suivant la 
revendication 29. 
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